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Abstract 
Using the isotope enabled ECHAM4, GISS E, HadCM3 and MUGCM GCMs, the spatial distribution of mean į18O 
in precipitation, the mean seasonality (JJA-DJF) and the correlations of į18O in precipitation with temperature and 
precipitation amount are analyzed. The simulation results reproduce well the stable isotopic features by the GNIP 
observations. Over the East Asia, the distribution of į18O in precipitation is of marked latitude effect and altitude 
effect. The largest seasonality of į18O in precipitation appears in the eastern Siberia controlled by cold high pressure, 
and the smallest one in the Western Pacific controlled by the subtropical high. The comparatively weak seasonality 
appears in middle latitudes where oceanic and continental air masses interact frequently. Temperature effect occurs 
mainly in mid-high-latitude and inlands. The higher the latitude is, the closer to inland is, and then the stronger the 
temperature effect is. Amount effect occurs mainly in low-mid latitudes and monsoon areas, with the strongest effect 
in low-latitude coasts or islands. A significant difference between simulations and observations is that the standard 
deviation of GCMs statistics is greater than that of GNIP statistics. On the contrary, as comparing parallelly time 
series at single station, the standard deviations of GCMs simulations is smaller than that of GNIP observations. 
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1. Introduction 
For more than four decades the isotopic composition of water stored in various archives (e.g. ice cores, 
ground water etc.) has been used to study changes in the hydrological cycle on timescales from glacial-
interglacial to short term variations[1]. Such changes of the hydrological cycle play a crucial role forcing 
both past and future variability of the Earth's climate system[2]. However, the interpretation of isotopic 
variations in terms of climate change is frequently hindered by incomplete data coverage and limited 
simultaneous observations of climate variables (e.g. temperature, relative humidity, precipitation) both in 
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space and time. Modern climate models that incorporate isotope hydrology partly overcome this by 
providing researchers with large arrays of data within a framework approximating “real world” physical 
processes.  
The only way to reconstruct the full spatial and temporal variations of stable isotopic compositions in 
vapor and precipitation is to incorporate the stable isotope cycles into atmospheric general circulation 
models (GCM) which explicitly simulate the global and regional features of atmospheric dynamics and 
thermodynamics, with fully detailed hydrological cycles. Joussaume et al. pioneered this approach[3], 
producing the first simulations of stable water isotope in cycles for present-day January climate with the 
GCM of Laboratoire de Meteorologie Dynamique (LMD) in Paris. Their study demonstrated the 
capability of GCM to reproduce the main characteristics of the observed deuterium and oxygen-18 
distribution in worldwide precipitation, e.g. the geographical patterns and the G18O-temperature, G18O-
precipitation and GD-G18O relationships. Since that, stable water isotopes have been also included in the 
hydrological cycle of several other GCMs in order to help interpret stable isotopes in paleoproxies and to 
enable more accurate model data intercomparison[4-7].  
One recent study advance is the formation of the Stable Isotope Intercomparison Group (SWING).  It is 
an international collaboration run under the auspices of the Global Energy and Water Cycle Experiment 
(GEWEX) on simulation intercomparison of isotopic GCM and actual survey of stable water isotope. Its 
aim is to understand the processes of stable isotopic variations in the water cycle on different time scales 
and quantify their role in climate feedback mechanisms[8]. To date, there have been four GCMs, i.e. 
ECHAM4 (University of Hamburg)[5], HadCM3 (Hadley Centre)[9], GISS E (Goddard Institute of Space 
Sciences)[10,11] and MUGCM (The Melbourne University)[7] involved in SWING.  
As an overall indication of the distribution of stable isotopes in global precipitation, average isotopes in 
precipitation are calculated from monthly model data from the SWING S1B experiment between the years 
1961 and 2003 (2001 and 2000 for HadCM3 and GISS E model, respectively) which is coincident with 
the GNIP (the Global Network of Isotopes in Precipitation) observation period. The geographic region of 
10qN-55qN and 75qE-145qE is selected for comparison in this study. Inside this large East Asia, the 
isotopic records at most GNIP stations, with the exception of Hongkong and Bangkok, do not cover this 
entire period. For the single site survey, GNIP stations with more than 1 year of continuous data have 
been selected to represent local climate variability. As this selection, there are 71 GNIP stations over the 
East Asia. Using the SWING S1B data from the isotope enabled ECHAM4, GISS E, HadCM3 and 
MUGCM GCMs, and observed data from the selected GNIP stations, the spatial distribution of mean į18O 
in precipitation, the mean seasonality (JJA-DJF) and the correlations of į18O in precipitation with 
temperature and precipitation amount are analyzed and compared, in order to assess modeling abilities of 
different isotope GCMs and enhance the understanding of how energy and water cycle processes function 
and quantify their contribution to climate feedbacks. 
2.  Simulation result and analyses 
2.1. Spatial distribution of mean į18O  
There are only 71 GNIP stations, with more than 1 year of continuous sampling records, distributed 
over the East Asia. By averaging the monthly į18O in precipitation at these stations, the spatial 
distribution of mean annual į18O in precipitation is obtained (Fig. 1a). Despite of different sample sizes at 
theses sites, Figure 1a does offer the basic features of spatial distribution of į18O in precipitation. (1) The 
precipitation į18O in low latitudes is greater than that in high latitudes; (2) The į18O over oceans is greater 
than that over continents, especially than that in inland areas; and (3) The į18O at high altitudes is lower 
than that at low altitudes.  
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Figures 1b-1e show the spatial distribution of the mean annual į18O in precipitation over the East Asia, 
from 1961 to 2003, simulated by the isotopic ECHAM4, GISS E, HadCM3 and MUGCM, respectively. It 
can be seen that the distributional situations of precipitation į18O simulated by four GCMs are in good 
agreement with the actual survey results. The three features of actual distribution of precipitation į18O are 
revealed, with the more abundant and finer information from simulations. 
From the simulated distributions, the precipitation isotopes reflect the geographical background of 
different air masses and the interaction between them to a large extent. In low latitudes, the precipitation 
isotopes are generally enriched. The maximal į18O in precipitation appears either over the West Pacific 
controlled by subtropical high (e.g. GISS E and MUGCM simulations) or in the inland areas of Central 
South Peninsula (e.g. ECHAM4 simulations). 
Along the east coast of the mainland, the distribution of precipitation į18O displays northeast - 
southwest direction with large changes in gradient. The region with dramatic variations in į18O is where 
marine and continental air masses interact frequently.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Comparisons of the mean annual į18O in precipitation (1961-2003) surveyed at 71 GNIP stations (a) and simulated by 
ECHAM4 (b), GISS E (c), HadCM3 (d) and MUGCM (e) 
The minimal precipitation į18O, corresponding to the lowest mean temperature, appears in northeast 
parts of the East Asia. The second minimal į18O, corresponding to the highest altitude, appears in the 
Tibetan Plateau and its surrounding areas. For the letter, different GCM simulations give different ranges, 
locations and intensities. In ECHAM4 simulations, the low-value areas over the Tibetan Plateau seem to 
be a southward extension of the low-value areas over the Siberian. Impacted by the high altitude, the 
precipitation į18O in the Tibetan Plateau is significantly lower than that in the eastern regions with same 
latitudes. Although the low-value į18O at regional scale in the Plateau is simulated by HadCM3 and 
MUGCM, its main parts are located in the northwest and northeast of the Plateau, respectively. The 
simulation by GISS E reflects the significant impact of the Tibetan Plateau as an independent 
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geographical unit on precipitation isotopes. Whether the range of low į18O or the depleted degree of 
precipitation isotopes can all contrast with another low į18O region in East Siberia. 
In order to evaluate synthetically the rationality of simulations, the correlations between mean į18O at 
selected 71 GNIP stations and at corresponding GCM grid sites over the East Asia are analyzed, showed 
in first line of table 1.  
In the regression equation y = ax +b, x stands for the value at GNIP stations, y at corresponding grid 
boxes and b the intercept as x=0. It can be seen that all four b values are less than 0 because simulated 
isotopes are systematically underestimated. The slope a equals to r(Vy/Vx), in which r is the correlation 
coefficient between spatial variables x and y, and Vy/Vx the ratio between standard deviations of x and y. 
a=1 indicates that the standard deviation from simulations does equal to that from observations. In fact, 
four standard deviations of mean annual į18O simulated by four GCMs are all greater than the actual 
value, showing that simulated mean į18O have relatively large spatial dispersion. 
Table 1 Linear correlations between the mean annual į18O, the mean seasonality of į18O and correlation coefficients of į18O 
with temperature and with precipitation amount simulated by GCMs and calculated by GNIP stations Over the East Asia (The y 
stands for the simulations, x for the actual values, r the correlation coefficient between y and x, and V the standard deviation of 
variable x or y in regression equation.) 
item ECHAM4 GISS E HadCM3 MUGCM 
mean annual į18O at 71 GNIP 
stations and corresponding grid 
boxes 
y = 0.94x - 
1.45 
r=0.51; 
Vy/Vx=1.84 
y = 1.15x - 
3.12 
r=0.56; 
Vy/Vx=2.05 
y = 0.80x - 
3.41 
r=0.47; 
Vy/Vx=1.70 
y = 0.63x - 
4.79 
r=0.46; 
Vy/Vx=1.37 
mean seasonality of į18O at 59 
GNIP stations and corresponding 
grid boxes 
y = 0.95x + 
2.20 
r=0.90; 
Vy/Vx=1.06 
y = 0.84x - 
0.20 
r=0.80; 
Vy/Vx=1.15 
y = 0.89x - 
0.47 
r=0.89; 
Vy/Vx=1.00 
y = 0.57x 
+ 0.12 
r=0.83; 
Vy/Vx=0.69 
correlation coefficient between 
į18O and T at 49 GNIP stations and 
corresponding grid boxes 
y = 0.84x + 
0.36 
r=0.81; 
Vy/Vx=1.04 
y = 0.85x + 
0.16 
r=0.74; 
Vy/Vx=1.15 
y = 1.01x - 
0.18 
r=0.88; 
Vy/Vx=1.15 
y = 0.96x 
+ 0.05 
r=0.79; 
Vy/Vx=1.22 
correlation coefficient between 
į18O and precipitation at 62 GNIP 
stations and corresponding grid 
boxes 
y = 0.97x + 
0.02 
r=0.66; 
Vy/Vx=1.46 
y = 0.70x - 
0.06 
r=0.49; 
Vy/Vx=1.44 
y = 0.85x - 
0.19 
r=0.72; 
Vy/Vx=1.18 
y = 0.76x - 
0.11 
r=0.61; 
Vy/Vx=1.26 
From the spatial fitting degree of simulations versus observations, models ECHAM4 and GISS E have 
stronger ability in simulating the spatial distribution of the mean annual į18O. 
2.2. Mean seasonality of į18O  
Here, the mean seasonality of precipitation į18O is defined as the difference between mean į18O from 
June to August (JJA) and from December to February (DJF). There are only 59 GNIP stations with 
complete sampling records from June to August and from December to February in an annual cycle, 
distributed in the East Asia. Through statistics for these stations, the spatial distribution of mean 
seasonality of į18O in precipitation, showing in figure 2a, is obtained. Despite of different sample sizes at 
theses stations, Figure 2a does offer the basic features of spatial distribution of mean seasonality of į18O 
in precipitation. (1) The seasonality of į18O in precipitation displays mainly negative values in low-mid 
latitudes and oceans affected by monsoon, but large positive those in high latitudes and inlands; (2) The 
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dividing line between positive and negative sign of the seasonality of į18O is basically along a diagonal 
from the western boundary of about 30qN to the east boundary of about 40qN, over the East Asia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 Comparisons of the mean seasonality of į18O in precipitation (1961-2003) surveyed at 59 GNIP stations (a) and simulated 
by ECHAM4 (b), GISS E (c), HadCM3 (d) and MUGCM (e) 
Figures 2b-2e show the spatial distribution of the mean seasonality of į18O in precipitation over the 
East Asia, from 1961 to 2003, simulated by ECHAM4, GISS E, HadCM3 and MUGCM, respectively. It 
can be seen that the distributional situations of į18O seasonality simulated by four GCMs are in good 
agreement with the GNIP survey results.  
From the simulated distributions, large į18O seasonality is generally related to large temperature 
seasonality in the high latitudes controlled by continental air mass throughout the year, with the maximal 
į18O seasonality in the east Siberia; small į18O seasonality happens where under maritime air mass 
throughout the year, with the minimal į18O seasonality in the Western Pacific controlled by the 
subtropical high, but with different ranges in different models. The comparatively weak į18O seasonality, 
or even to 0, appears in middle latitudes where oceanic and continental air masses interact frequently, but 
with great meridional gradients there. Over the southern Xinjiang, stable isotopes in precipitation are 
greatly enriched in the period of summer because of the extremely dry weather conditions, which is 
reproduced in ECHAM4, HadCM3 and MUGCM simulations. 
However, there are some discrepancies in the į18O seasonality corresponding to different GCM 
simulations in the Tibetan Plateau. It is difficult to test the validity of simulations owing to having the 
only GNIP station in the Plateau. So, the actual value at Lhasa station is compared with GCM simulations 
at corresponding grid box. The simulated į18O seasonality at Lhasa are 6.92‰ in ECHAM4, -0.66‰ in 
GISS E, -1.91‰ in HadCM3 and -5.84‰ in MUGCM, respectively. In addition to the latter that is close 
to the measured value of -5.22 ‰, the other simulated values are all greater, especially in ECHAM4 
simulation. 
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The line 2 in table 1 gives the linear correlations of GCM simulations versus actual values at the GNIP 
59 stations, respectively. From the spatial fitting degree of simulations versus observations, models 
ECHAM4 and HadCM3 have stronger ability in simulating the spatial distribution of the mean į18O 
seasonality. And the standard deviation of mean į18O seasonality, simulated by the two models, are also 
similar to actual that. 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Comparison of the correlation coefficients between į18O in precipitation and temperature (1961-2003) surveyed at 49 
GNIP stations (a) and simulated by ECHAM4 (b), GISS E (c), HadCM3 (d) and MUGCM (e) 
2.3. Correlation of į18O in precipitation versus temperature  
An important component of isotope climatology concerns the relationship between stable isotopes in 
precipitation and local surface temperature. The marked positive correlation between them is called as 
“temperature effect”[1].  
In GNIP database, there are only 49 GNIP stations, with continuous sampling records for more than 1 
year and with synchronous survey records of the į18O in precipitation and temperature, distributed in the 
East Asia. Through statistics for these stations, the spatial distribution of correlation coefficients between 
monthly į18O in precipitation and mean monthly temperature T, showing in figure 3a, is obtained. Despite 
of different sample sizes at these sites, Figure 3a does offer the basic features of spatial distribution of 
į18O-T correlations. (1) Temperature effect occurs mainly in mid-high-latitude inlands. The higher the 
latitude is, the stronger the continentality is, and thus the more distinct the temperature effect is. No 
distinct temperature effect happens in low-mid latitudes. (2) The sign of į18O-T correlation coefficients is 
correspond to that of į18O seasonality, which means that there is no correlation between į18O and T 
without į18O seasonality. This feature reflects the contribution of seasonal synchronization of 
precipitation į18O and temperature to temperature effect. 
Figures 3b-3e show the spatial distribution of the correlation coefficient between monthly į18O in 
precipitation and mean monthly temperature over the East Asia, from 1961 to 2003, simulated by 
ECHAM4, GISS E, HadCM3 and MUGCM, respectively. It can be seen that the simulated distribution by 
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four GCMs are in good agreement with the actual distribution. In middle latitudes where oceanic and 
continental air masses interact frequently, there appears a zone with great meridional gradient of the į18O-
T correlation coefficient, which corresponds to the southern edge of the temperature effect. The position 
of this zone is different because of the discrepancy in grid resolution and convective parameterization 
scheme in different GCMs. 
The line 3 in table 1 gives the linear correlations of GCM simulations versus actual values at the GNIP 
49 stations, respectively. From the spatial fitting degree of simulations versus observations, model 
HadCM3 has stronger ability in simulating the spatial distribution of the į18O-T correlation coefficient. 
And the standard deviation of simulations are also similar to actual that.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 Comparison of the correlation coefficients between į18O in precipitation and precipitation (1961-2003) surveyed at 62 
GNIP stations (a) and simulated by ECHAM4 (b), GISS E (c), HadCM3 (d) and MUGCM (e) 
2.4. Correlation of į18O in precipitation versus precipitation  
The marked negative correlation between stable isotopes in precipitation and precipitation amount is 
called as “amount effect”[1]. In GNIP database, there are only 62 GNIP stations, with continuous 
sampling records for more than 1 year and with synchronous survey records of the į18O in precipitation 
and precipitation, distributed in the East Asia. Through statistics for these stations, the spatial distribution 
of correlation coefficients between monthly į18O in precipitation and monthly precipitation P, showing in 
figure 4a, is obtained. It can be seen that, (1) amount effect occurs mainly in low-mid latitudes and 
monsoon regions, with the strongest amount effect in low-latitude coasts and islands. No distinct amount 
effect happens in mid-high latitudes and inlands. (2) The sign of į18O-P correlation coefficients is 
conversely corresponding to that of į18O seasonality. (3) Amount effect is conversely correspond to 
temperature effect in large-scale range. Generally, the regions with temperature effect do not have amount 
effect. Also, areas with amount effect do not have temperature effect. 
Figures 4b-4e show the spatial distribution of the correlation coefficient between monthly į18O in 
precipitation and monthly precipitation over the East Asia, from 1961 to 2003, simulated by ECHAM4, 
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GISS E, HadCM3 and MUGCM, respectively. Compared with figure 4a, isotopic GCMs reproduce well 
above characteristics of actual spatial distribution of the correlations. However, there are large 
discrepancies in the distribution range of amount effect among the GCM simulations. For example, four 
models all give virtually inexistent amount effect happened in the Central Asia, especially in GISS E 
simulation, a very strong amount effect located in the borderlands of China, Kazakhstan, Russia and 
Mongolia. In addition, the amount effect occurred in monsoon regions over the East Asia is 
underestimated, to different degrees, in GISS E and MUGCM simulations. It is a common problem in 
GCMs. Such a result is related to the simulation of precipitation and isotopic parameterization scheme. 
For instance, in GISS E simulations, very strong amount effect happened in the borderlands mentioned 
above is associated with strong depletion of stable isotopes, caused by heavy rainfall[4,9]. 
The line 4 in table 1 gives the linear correlations of GCM simulations versus actual values at the GNIP 
62 stations. From the spatial fitting degree of simulations versus observations, model HadCM3 has 
stronger ability in simulating the spatial distribution of the į18O-P correlation coefficient. And the 
standard deviations of simulations are also the closest to the measured values among 4 GCMs. 
2.5. į18O in precipitation at single station  
Above analyses concern the intercomparison of spatial distribution of mean į18O in precipitation, the 
mean į18O seasonality and correlations of į18O in precipitation with temperature and precipitation amount, 
surveyed by GNIP and simulated by the isotope enabled ECHAM4, GISS E, HadCM3 and MUGCM 
GCMs. In this section, the intercomparisons of time series of į18O in precipitation surveyed at single 
GNIP station and simulated by the isotope enabled GCMs at corresponding grid box will be made. 
Here, 11 GNIP stations with the longest survey records plus Lhasa station over the East Asia are 
selected as the basic stations to implement the intercomparison. Table 2 gives the linear correlations 
between the monthly į18O in precipitation at the 12 selected GNIP stations and at 12 corresponding GCM 
grid boxes, respectively.  
In table 2, intercepts of all 12 stations are less than 0, showing the systemic underestimation of 
simulated isotopes, which is also a causation of low intercepts in the spatial correlations of mean į18O 
(the line 1 in table 1). 
It is different from simulations of spatial distribution in precipitation į18O. The standard deviations of 
GCMs simulations is mostly smaller than that of GNIP observations as comparing parallelly the į18O 
time series at each station, showing relatively small change extent and dispersion degree in simulated 
monthly į18O, except for HadCM3. In HadCM3 simulations, except for Lhasa, simulated standard 
deviations are close to or slightly larger than actual that at the 11 stations with the longest survey records, 
showing the model HadCM3 having advantages in simulating change extent of the į18O series at single 
station. 
From the fitting degree of simulations versus observations of monthly į18O at single site, model 
ECHAM4 in the simulation at Tokyo, Urumchi and Shijiazhuang, GISS E in that at Bangkok, Kunming, 
Ryori, Guam, Shijiazhuang and Lhasa, HadCM3 in that at Hongkong, New Delhi and Pohang, and 
MUGCM in that at Guilin station have stronger ability. 
It is noticeable that there is relatively close correlation between simulated and observed į18O for the 
station controlled by single air masses, e.g. at Urumchi and Guam station, and for that affected by 
prevailing monsoon, e.g. at Bangkok, Hongkong, Guilin and Kunming station. In the edge of monsoon 
regions, e.g. at New Delhi, Ryori, Tokyo, Shijiazhuang and Pohang stations, the ability of GCMs in 
simulating actual change of į18O in precipitation declines. In addition, it can be found that the simulation 
results of different models are quite different even for the simulation at same grid box. For example, at 
Pohang station, there is weak positive correlation between simulated and observed monthly į18O in 
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HadCM3, and no correlation in GISS E and MUGCM, but significant negative correlation in ECHAM4 
simulation. Such a result is related to the structure of different models and used parameterization scheme 
including stable water isotopes in GCMs. 
Table 2 Linear correlations between the monthly į18O in precipitation at 11 GNIP stations with the longest survey records plus 
Lhasa station and at 12 corresponding GCM grid boxes over the East Asia (same as table 1) 
GNIP station n ECHAM4 GISS E HadCM3 MUGCM 
Bangkok 
13.73N, 100.5E, 2m 
346 
y = 0.29x - 
2.61 
r = 0.41, 
Vy/Vx =0.71 
y = 0.44x - 
4.41 
r = 0.58, 
Vy/Vx =0.77 
y = 0.37x - 
5.45 
r =0.32, Vy/Vx 
=1.13 
y = 0.05x - 
7.05 
r = 0.11, 
Vy/Vx =0.43 
Guam 
13.55N,144.83E,110m 
112 
y = 0.43x - 
3.25 
r = 0.46, 
Vy/Vx =0.93 
y = 0.60x - 
2.31 
r = 0.64, 
Vy/Vx =0.93 
y = 0.56x - 
5.13 
r = 0.53, 
Vy/Vx =1.05 
y = 0.33x - 
4.34 
r = 0.38, 
Vy/Vx =0.87 
Guilin 
25.07N, 110.08E, 170m 
92 
y = 0.11x - 
3.28 
r = 0.20, 
Vy/Vx =0.57 
y = 0.41x - 
5.29 
r = 0.59, 
Vy/Vx =0.70 
y = 0.32x - 
3.40 
r = 0.37, 
Vy/Vx =0.86 
y = 0.38x - 
5.04 
r = 0.66, 
Vy/Vx =0.58 
Hongkong 
22.3N, 114.17E, 66m 
386 
y = 0.45x - 
1.76 
r = 0.60, 
Vy/Vx =0.76 
y = 0.36x - 
3.02 
r = 0.59, 
Vy/Vx =0.62 
y = 0.72x - 
2.43 
r = 0.62, 
Vy/Vx =1.17 
y = 0.34x - 
4.05 
r = 0.57, 
Vy/Vx =0.60 
Kunming 
25.02N, 102.68, 1892m 
152 
y = 0.47x - 
1.26 
r = 0.50, 
Vy/Vx =0.95 
y = 0.85x - 
4.31 
r = 0.78, 
Vy/Vx =1.1 
y = 0.36x - 
4.85 
r = 0.53, 
Vy/Vx =0.68 
y = 0.46x - 
5.23 
r = 0.66, 
Vy/Vx =0.70 
New Delhi 
28.58N, 77.2E, 212m 
324 
y = 0.04x - 
1.59 
r = 0.06, 
Vy/Vx =0.65 
y = -0.03x - 
7.64 
r = -0.02, 
Vy/Vx =1.3 
y = 0.45x - 
5.67 
r = 0.29, 
Vy/Vx =1.55 
y = 0.25x - 
5.79 
r = 0.25, 
Vy/Vx =0.99 
Pohang 
36.03N, 129.38E, 6m 
110 
y = -0.24x - 
8.11 
r =-0.32, 
Vy/Vx =0.74 
y = -0.10x - 
9.69 
r = -0.11, 
Vy/Vx =0.91 
y = 0.14x - 
4.42 
r = 0.18, 
Vy/Vx =0.78 
y = 0.04x - 
6.24 
r = 0.07, 
Vy/Vx =0.52 
Ryori 
39.03N, 141.81E, 260m 
183 
y = 0.12x - 
6.32 
r = 0.13, 
Vy/Vx =0.94 
y = 0.29x - 
6.64 
r = 0.29, 
Vy/Vx =1.01 
y = 0.11x - 
7.57 
r = 0.09, 
Vy/Vx =1.21 
y = 0.11x - 
7.15 
r = 0.15, 
Vy/Vx =0.74 
Shijiazhuang 
38.03N, 114.42E, 
1780m 
146 
y = 0.34x - 
6.11 
r = 0.28, 
Vy/Vx =1.21 
y = 0.29x - 
10.86 
r = 0.33, 
Vy/Vx =0.87 
y = 0.10x - 
5.56 
r = 0.11, 
Vy/Vx =0.88 
y = 0.29x - 
8.75 
r = 0.30, 
Vy/Vx =0.94 
Tokyo 
35.68N, 139.77E, 4m 
219 
y = 0.16x - 
5.47 
r = 0.19, 
Vy/Vx =0.86 
y = 0.13x - 
8.40 
r = 0.15, 
Vy/Vx =0.87 
y = 0.13x - 
5.50 
r = 0.16, 
Vy/Vx =0.83 
y = 0.08x - 
6.52 
r = 0.18, 
Vy/Vx =0.46 
Urumchi 131 y = 0.79x - y = 0.21x - y = 0.68x - y = 0.42x - 
1610   Zhang Xinping et al. /  Procedia Environmental Sciences  10 ( 2011 )  1601 – 1612 
43.78N, 87.62E, 918m 3.58 
r = 0.83, 
Vy/Vx =0.95 
11.47 
r = 0.47, 
Vy/Vx =0.44 
8.98 
r = 0.50, 
Vy/Vx =1.37 
8.09 
r = 0.74, 
Vy/Vx =0.57 
Lhasa 
29.70N, 91.13E, 3649m 
42 
y = -0.01x - 
6.72 
r =-0.02, 
Vy/Vx =0.57 
y = 0.29x - 
17.23 
r = 0.61, 
Vy/Vx =0.48 
y = 0.09x - 
11.92 
r = 0.35, 
Vy/Vx =0.27 
y = 0.23x - 
8.95 
r = 0.42, 
Vy/Vx =0.54 
 
3. Discussions and conclusions 
The common features of simulated and observed results display that, the distribution of precipitation 
į18O has significant latitude effect over the East Asia, i.e. the į18O in precipitation decreases with the 
increasing latitude; the latitude effect is covered by the continent effect in some regions, i.e. at same 
latitude, the closer to inland is, and the lower the į18O in precipitation is; į18O in precipitation has 
significant altitude effect, i.e. the higher the altitude is, the lower the į18O is. The spatial distributions of 
precipitation į18O simulated by isotopic GCMs are in good agreement with the actual survey results, 
showing isotopic GCM in simulating stable water isotopes is robust. 
Simulations show that the largest seasonality of į18O in precipitation appears in the eastern Siberia 
controlled by cold high pressure, and the lowest one in the western Pacific controlled by the subtropical 
high. The comparatively weak į18O seasonality appears in middle latitudes where oceanic and continental 
air masses interact frequently, and with great meridional gradients there. The distributional situations of 
į18O seasonality simulated by isotope enabled GCMs are in good agreement with the actual survey results. 
The correlation between G18O in precipitation and temperature characterize regionality. Both in GCM 
simulation and in actual survey, temperature effect occurs mainly in mid-high latitudes and inlands. The 
higher the latitude is, the closer to inland is, and thus the stronger the temperature effect is. There is a 
large meridional gradient of the į18O-T correlation coefficient in middle latitudes, which corresponds to 
the southern edge of temperature effect. 
As for the simulation of correlation between į18O and precipitation, isotopic GCMs reproduce well the 
actual spatial distribution of amount effect. Amount effect occurs mainly in low-mid latitudes and 
monsoon regions, with the strongest amount effect in low-latitude coasts or islands. No distinct amount 
effect happens in mid-high latitudes and inlands. The sign of į18O-P correlation coefficients is conversely 
correspond to that of į18O seasonality. 
However, it should be recognized that there are some discrepancies between GCM simulation and 
GNIP survey. Compared with actual survey results, the į18O in mid-high latitude inlands are all 
systematically underestimated by the four GCMs, which is related to the used isotopic scheme in GCMs. 
In those isotopically underestimated regions, the formation of rainfall is usually affected by large scale 
advection, and thus stable isotopic fractionation in cloud is assumed to be in equilibrium. The 
hydrometeor is immediately removed from cloud system after its formation under the assumption. This 
will inevitably result in the acceleration of stable isotopic fractionation and finally lead to reduction of 
stable isotopes in precipitation[1]. Furthermore, the stable isotopes in hydrometeor will be further 
depleted during ice crystal forming because of the kinetic fractionation effect in cold cloud[2]. 
In the simulations of amount effect, four GCMs all give virtually inexistent amount effect happened in 
the arid regions over the central Asia. Concerned the formation mechanism of amount effect, Dansgaard 
gave his interpretation. Firstly, relatively high cooling degree in strong developing convective cloud can 
cause condensation of a lot of vapor in cloud, and finally lead to depletion of stable isotopes in 
precipitation. Amount effect occurred in the monsoon regions, the low-latitude oceans or islands, is 
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mainly generated in this mechanism. Such a process can be described using simple Rayleigh fractionation 
model[2]. Secondly, evaporation of falling raindrops below cloud base also plays an important role on the 
generation of amount effect under the conditions of low relative humidity in air or light rainfall. The 
heavier the rainfall is, the larger the relative humidity below cloud base is, the weaker the evaporation 
action is, and thus the lower the stable isotopic ratio is, and vice versa. Such a formation mechanism of 
amount effect usually occurs only in small-scale range or short time-scale. However, simulations of 
GCMs enlarge this action. 
A significant difference between spatial distributions of į18O statistics by GCMs simulations and by 
GNIP observations is that the standard deviation of the former is basically greater than that of the latter. 
The low GCM simulation of precipitation į18O is responsible to such a result to a certain degree. As 
known, because the į18O in precipitation is underestimated in mid-high latitudes, the change range of 
precipitation į18O in spatial scale increases, and thus the dispersion of simulated į18O in spatial 
distribution also increase. Furthermore, the standard deviation of į18O-P correlation is relative great 
compared with that of į18O-T correlation, probably because the spatial variation of precipitation has more 
noise than temperature. However, as comparing parallelly time series at single station, the standard 
deviations of GCMs simulations is smaller than that of GNIP observations. This is reasonable since GNIP 
stations represent į18O over a spatially small sample site while the model represents į18O over a large grid 
box. The spatial smoothing of precipitation over a large model grid box would reduce the modeled 
variability of į18O relative to the data in those regions where į18O is related to precipitation amount. 
The intercomparisons of different GCMs simulations show also some discrepancies among them. For 
example, there are large differences among the GCM simulations for the strength and range of amount 
effect in the section 2.4, as well as the standard deviations of the į18O time series simulated by HadCM3 
is very different from that by other three GCMs in the section 2.5. Because used isotopic schemes in 
GCMs and initial forcing etc. are basically similar, the discrepancies among GCMs simulations are 
related to the internal structure, resolution and vapor transport scheme in each model. There is less detail 
about that here. Nevertheless, isotope enabled GCM is undoubtedly the most important tool to reproduce 
spatial and temporal variation of stable water isotopes, unscramble subtly the relationship and interaction 
between stable isotopes and atmospheric factors in the water cycle, and eventually serve the restoration of 
paleoclimate records and the diagnosis of atmospheric circulationpatterns. 
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